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Abstract
The present work deals with the laminar flow of a uniform stream past two circular rotating cylinders.
The principal feature of interest is that the rotation of the cylinders leads to a zero drag force on the
cylinders. This case corresponds to self-propelled motion of cylinders as a coupled body. The case
of equal contra-rotating cylinders is considered, with the stream normal to the plane containing the
axes of the cylinders. The components of the resultant force on the cylinders are determined by the
numerical solution of the incompressible two-dimensional Navier-Stokes equations in the cylindrical
bipolar coordinate system. Both self-motion and towed regimes of fluid flow are considered.
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The problem of flow past two rotating circular
cylinders in a viscous fluid has long attracted
mathematicians and engineers. This flow shows
some analytical peculiarities regarding the
implementation of near-field and far-field
boundary conditions. It might be for this reason
that the flow has attracted much interest from
theoretical fluid dynamicists. It is impossible,
in general, to obtain solutions of Stokes’
equations of slow viscous steady flow in which
the fluid velocity vanishes at infinity (Jeffery,
1922). If the cylinders are outside one another,
Jeffery found that it is impossible, in general, to
make the fluid velocity vanish at infinity.
He illustrated this by a detailed treatment of the
case of equal cylinders, rotating with equal
speeds in an opposite sense. This is the Jeffery
paradox.  To resolve this paradox, Smith (1991)
obtained an asymptotic solution of the Stokes
equations for the stream function which is valid
at large distances from the cylinders. This
asymptotic expansion involves many unknown
coefficients of the Fourier series and there was
no obvious way as to how these may be obtained.
Elliott et al. (1995) established the boundary
element method by using the asymptotic
expansions given by Smith and showed numeri-
cally that the combined bodies have no overall
force or torque acting upon them. Watson (1995)
pointed out that the pressure field given by
Smithûs asymptotic form is not single-valued and
proposed that an additional term to Jefferyûs
Fourier series is necessary. However, he did not
derive the force, since the outer flow which is
